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Wylie, Allan H., Master of Science, January, 1991 Geology
Hydrologie Investigation of Durr and McDonald Swamps,
Teton County, Montana (123 pp.)
Director: Dr. William W. Woessner t̂Cc/C(/
The water resources of Durr and McDonald Swamps, Teton 
county, Montana were investigated in cooperation with The 
Nature Conservancy. This investigation focused on testing a 
conceptual model which suggested that the primary source of 
recharge for the aquifer supplying Durr and McDonald swamps 
is leakage from the Teton River.
Geologic and hydrologie investigations were carried out to 
test the conceptual model. Seismic data were gathered and 
wells were drilled to determine aquifer geometry and 
stratigraphy. Stream discharge measurements were conducted 
to observe surface water and ground water interaction, 
évapotranspiration from the swamps was estimated using the 
Linacre (1977) equation. Aquifer tests were conducted to 
measure aquifer properties, and water level measurements 
made to characterize aquifer response to recharge and 
discharge events and interpret flow directions.
Aquifer geometry and stratigraphie data indicate that a 
continuous aquifer exists between the Teton River and the 
swamps, and ground water flows from the Teton River towards 
the swamps supporting the conceptual model. A water balance 
was calculated for the period between November 2 0 and 
December 18, 1988 showing that water entering the aquifer 
through leakage from the Teton River is about equal to 
quantities leaving the aquifer through ground water 
underflow, surface water discharge, and évapotranspiration, 
further supporting the conceptual model.
A steady state ground water flow model was used to test 
aquifer boundary assumptions used in developing the water 
balance. Successful calibration of the steady state model 
lead to development of a transient model which attempted to 
reproduce seasonal water level trends and monthly water 
balances. Successful calibration of the transient model 
suggests that spring snow melt recharges the system and is 
an important part of the hydrologie system.
This investigation suggests that the swamps are dependent 
on natural flows in the Teton River. Consequently, The 
Nature Conservancy should consider taking steps to protect 
the natural Teton River flows along this northern border of 
the preserve.
XI
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INTRODUCTION
I investigated the water resources of Durr and McDonald 
Swamps, Teton County, Montana in cooperation with The Nature 
Conservancy (Figure 1). Durr and McDonald Swamps provide 
habitat for several plant species and plant communities not 
ordinarily found in the contiguous United States as well as 
a use area for grizzly bear. The Nature Conservancy began 
creating The Pine Butte Preserve, which includes these two 
swamps, to protect this unique habitat in 1978. During 1983 
a reconnaissance level hydrologie study identified the 
adjacent Teton River as the primary source of recharge to 
the swamps (Nimick and others, 1983) .
The Teton River also provides much of the irrigation water 
for Teton County. However the river is over appropriated 
and only during the high flows of spring run-off is there 
sufficient water for all irrigators. The long term 
management plans of The Nature Conservancy include 
preserving the quantity of water necessary to maintain Durr 
and McDonald Swamps. In this study I attempted to quantify 
the interaction of the Teton River and the ground water 
system supplying the swamps and examine the effects of 
reduced recharge to the swamp area.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Description of the Study Area
The Pine Butte Preserve comprises about sixty-three square 
miles (163 sq. km.)* It is about twenty miles west of 
Choteau, Montana and consists of hummocky ground moraine, 
arcuate end moraines, sloping outwash plains, and wetlands 
which include some peat bogs (Figure 2). The average 
elevation is about 4,570 feet (1,400 m). Durr Swamp lies on 
an outwash plain which slopes less than 1° to the south.
Durr Swamp is bounded by bedrock foothills to the west, a 
moraine to the north. Pine Butte on the east, and the North 
Fork Willow Creek alluvial fan to the south (Figure 2).
McDonald Swamp lies on an outwash plain which slopes less 
than 1° to the east. McDonald Swamp is bounded by outwash 
plains on the west, modern terraces of the Teton River to 
the north and east, and Pine Butte and other bedrock highs 
on the south (Figure 2) .
The climate is continental, with cold winters and warm 
summers. Midwinter temperatures fall below 0° F (-17° C) . 
July and August temperatures average above 80° F (27° C).
This area, as with most of the Rocky Mountain front, has 
winter Chinook winds. These strong, gusty, warm, and dry 
winds develop on the lee side of mountain ranges and provide 
relief from winter cold spells. Precipitation ranges from 
60 inches (152 cm) or more in the Rocky Mountains to 11.36 
inches (28.85 cm) on the plains within Teton County.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
5w2
a ë s lllE  E  ̂ g
0̂09T
A
01w(Uu04
CO+J+Js
Q)c-HPi
0)
g
«WO
Di<0E
Ü•H
tno
»— Io0)o
ev|
01M
g.•H
10
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Much of the bedrock in the study area is covered by 
unconsolidated deposits of boulders, gravel, sand, and finer 
material (Figure 2). Some of these were deposited by 
Pleistocene glaciers which flowed eastward from the Rocky 
Mountains. The most prominent glacial features within the 
preserve are the end moraine and outwash plain. Since the 
end of the Pinedale glaciation, approximately 14,000 years 
ago, the Teton River deposited an extensive gravel plain on 
either side of its channel. Nimick and others (1983) 
believe the peat (Figure 3) which overlays portions of 
outwash plains in the study area began accumulating at this 
time.
Hydrogeology
Nimick and others (1983) describe the Pine Butte Aquifer 
as consisting of well-sorted, rounded-to-subrounded gravels 
of Quaternary and Holocene age which were laid down as 
glacial outwash and Teton River alluvium. Using information 
contained in driller's logs they estimated that the 
hydraulic conductivity of the river alluvium and outwash 
gravels were 53 ft/d (16 m/d) and 8.7 ft/d (2.6 m/d) 
respectively.
Nimick and others (1983) suggest that as the glacier 
receded, melt water and surface flow recharged the local 
outwash aquifer, creating zones of ground water discharge
11
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near the lower end of the existing swamps. As vegetation 
became established in the wet areas, peat began to 
accumulate. As the peat thickened the hydraulic 
conductivity of the peat decreased forcing the ground water 
to discharge further up slope as described by Millington 
(1954). The distribution of peat thickness (Figure 3) 
supports this theory, the peat tends to be thicker at the 
distal ends of the swamps.
The Teton River flows east across the north edge of the 
study area. The United States Geological Survey (USGS) has 
maintained stream gauges sporadically at different locations 
along the Teton River. Discharge records indicate that peak 
flows in the river near the preserve occur between mid-May 
and late June. Summer flows continue to decline through the 
fall and low flow usually occurs in February or March 
(Figure 4).
Purpose and Scope
The primary goal of this research was to test, and if 
warranted refine, the conceptual model of the hydrologie 
system of the preserve developed by Nimick and others,
(1983) using new physical evidence and ground water modeling 
techniques. A secondary goal is to evaluate the effect of 
reducing rates of ground water recharge to the swamps on the 
size and distribution of the swamps. My specific objectives 
include:
12
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Figure 3: Map of peat thickness in Durr and McDonald Swamps
(from Nimick and others (1983)).
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1) defining the aquifer geometry,
2) defining the ground water flow system,
3) quantifying the spacial distribution of aquifer 
hydraulic conductivity,
4) quantifying the spacial and temporal distribution of 
ground water recharge,
5) quantifying the spacial and temporal distribution of 
ground water discharge including évapotranspiration,
6) defining surface water-ground water interaction, and
7) calculating a water balance.
1 . 2
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Figure 4 : Hydrograph of the Teton River at the Forest
Service bridge.
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DATA GATHERING
Aquifer Geometry and Stratigraphy
Because I needed to obtain aquifer cross-sectional area 
data for use in the water balance calculations, and obtain 
aquifer geometry and boundary information for model input, 
it was necessary to estimate the depth to bed rock, which I 
assumed to be the base of the aquifer, using seismic 
refraction techniques. I selected four sites (Figure 5) for 
the seismic profiling.
The USGS field crew, lead by Dave Briar, used a twenty- 
four channel seismograph manufactured by EG&G Geometries to 
collect seismic profile information. Each seismic line 
consisted of twenty-four geophones with one-hundred foot 
(30.5 m.) spacings. Kinepak two-component explosives 
provided the necessary energy. A standard shotpoint 
configuration included one shotpoint several hundred feet 
(60 m. or more) off each end of the geophone spreads to 
record the arrival times from deeper refracting layers. Up 
to five additional shotpoints located 15 feet (4.6 m.) from 
various geophones in the spread to record arrival times from 
the water table within the spread.
The final interpretation for the four seismic lines is
15
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presented in Appendix A. Figure 6 contains seismic profile 
PB2 as an example. NCW14 was drilled on seismic line PB2. 
The depth to bed rock predicted using seismic information 
was 75.7 feet (23.1 m.), the drill hit bedrock at 75 feet 
(21.9 m.). The original seismic prediction was in error by 
1 percent much better than generally expected (cf., Haneni, 
198 6). Figure 7 presents an interpretation of bed rock 
elevations based on results of the seismic investigation and 
anticipated trends.
" 'i
Scslv C(13 
0 6000
E x p l a n a t i o n  
Cl  = 2 0  f t
B i n e  O n t t e  A r e a
A q o l f e r  b a t t o e
Figure 7 : Map showing the elevation of the bed rock
surface.
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The most striking anomaly is the interpreted depression in 
the southwest portion of Figure 7. Because the bed rock is 
at a higher elevation south and west of the depression it 
could not have been formed by fluvial processes. Probably, 
it was formed by glacial action. Chalmers (1968) suggests 
that Bull Lake glaciers did extend farther onto the plains 
in the Teton Valley than the Pinedale glaciers.
The observation wells (Figure 8) were constructed to 
obtain stratigraphie information, verify the seismic data, 
monitor water levels, and measure hydraulic conductivity. 
Prior to selecting locations for new observation wells a 
potentiometric map was constructed using water level 
measurements from wells constructed by Nimick and others 
(1983) and still accessible. New well locations were then 
selected where I felt additional geological, stratigraphie, 
and head information would be most useful.
Figure 9 presents a conceptual cross section from west of 
the end moraine east through McDonald Swamp. The 
stratigraphie information used to construct this section 
came from four driller's logs, six wells drilled for this 
study, interpretation of the four seismic lines, and a 
geologic map of the area prepared by Nimick and others 
(1983) .
19
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Hydrogeologic System
To measure the aquifers response to recharge and discharge 
events as well as to construct potentiometric maps I began 
taking water level measurements on a monthly basis from 13 
wells in July 1988. Measurements began on 6 other wells as 
they were located or as they where constructed. Also 
Stevens Type F continuous water level recorders were
21
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installed on two wells, NCW14 and NCW15, in the fall of 
1988. All measurements were continued until June 30 1989. 
Figures 10 and 11 contain representative hydrographs from 
two wells (see Appendix C for the rest).
6IS
6tO
614
613
10V71
Figure 10: Hydrograph of NCW14.
The hydrographs (Appendix C) indicate that the maximum 
water level for most wells is recorded in June or July. The 
water level then typically declines from August through 
September in response to declining river flows and high 
évapotranspiration. The water levels are usually stable 
from October through the winter months because transpiration 
has ceased and the Teton River is at base flow.
During January 1989 an ice jam formed on the Teton River 
west of the end moraine (Figure 8). This stopped all flow 
in the river below the jam to Olson's where the river
22
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Figure 11: Hydrograph of P2.
becomes a gaining stream. The differences in arrival times 
of the water table rise resulting from the increased river 
bed leakage provides the most striking distinction between 
Figures 10 and 11. Note that NCW14 (Figure 10) began 
responding to recharge from the ice jam over a month before 
P2 (Figure 11). These wells are both about the same 
distance from the ice jam, thus the difference in arrival 
times indicates a difference in aquifer properties between 
each well and the river. Most likely a zone of highly 
transmissive material is present in the vicinity of NCW14.
Figures 12 and 13 are potentiometric surface maps of the 
aquifer for December 1988 and June 1989 respectively. The 
general ground water flow paths do not significantly change
23
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seasonally although the gradient is less in the December.
Hydraulic Conductivity Measurements
Before calculating a water balance and modeling a flow 
system, it is necessary to obtain hydraulic conductivity 
values. I used three methods; 1) specific capacity data 
recorded in drillers logs, 2) slug test techniques, and 3) 
constant discharge, single well aquifer testing.
The specific capacity data found in drillers logs were 
interpreted and used to estimate hydraulic conductivity 
using a method described by Todd (1959) after correcting for 
partial penetration effects using the Kozney equation 
(Driscoll 1986). Both of these equations assume the system 
has reached steady state and that the well is 100% 
efficient. Although these conditions were probably not met, 
I assumed these initial hydraulic conductivity estimates 
were within an order of magnitude.
Slug tests (Freeze and Cherry, 1979; Hvorslev, 1951) can 
be run on wells without pumps and since most of the 
observation wells in this study did not have pumps this 
technique proved invaluable. The slug tests were conducted 
on NCW14 and NCW15 using a section of sealed PVC pipe filled 
with gravel for a slug. The aquifer hydraulic conductivity 
was calculated using a method described by Hvorslev (1951). 
Although a slug test is an actual hydraulic conductivity
26
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measurement, only a small portion of the aquifer is 
stressed, thus large scale aquifer variabilities are not 
averaged in.
An aquifer test lasting 60 minutes was conducted on 
Olson's stock well by pumping the well at 10 gallons per 
minute (0.034 m^/min) and measuring drawdown using a steel 
tape. The results of the aquifer test, which can stress a 
larger portion of the aquifer than a slug test, resulted in 
hydraulic conductivity values in close agreement to the slug 
tests.
Table 1 contains a summary of hydraulic conductivity 
values calculated using these techniques. More complete 
results are presented in Appendix D. Because of the 
previously mentioned violations in the Thiem equation the 
hydraulic conductivity estimates obtained using specific 
capacity data were not as representative as the measurements 
obtained using the slug tests and aquifer test.
Surface Water Monitoring
To characterize the interaction between surface water and 
ground water I measured the stream discharge at 8 sites 
(Figure 14). TRl, TR2, and TR3 are on the Teton River, P is 
on P, N, TNG, and B are on irrigation ditches, M is on 
McDonald Creek, C is on Chillis Creek, and S is on Swamp 
Creek. These measurements were made using a Price AA
27
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Table 1; Hydraulic Conductivity Values.
Specific capacity estimate results
Well Name Hydraulic conductivity
Bruno 9.6 ft/d 2.9 m/d
Newman 79 ft/d 24 m/d
Olson 130 ft/d 40 m/d
Slug test results
NCW14 first test 224 ft/d 69 m/d
NCW14 second test 384 ft/d 115 m/d
NCW15 first test 187 ft/d 57 m/d
NCW15 second test 197 ft/d 59 m/d
Aquifer test results
Olson 220 ft/d 67 m/d
current meter and standard stream gauging techniques (Carter 
and Davidian, 19 68). Stream gauging on the Teton River 
included taking measurements at a minimum of two sites. 
Irrigation ditches diverting water from the river were also 
gauged to account for water removed from the river but not 
lost to or gained from the ground water system between 
stations on the river. The streams draining the swamps were
28
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Figure 14: Map showing the location of the surface water gauging stations.
gauged to quantify the surface water leaving the preserve.
During the fall of 1988 I constructed two stilling wells 
(Hewlett, 1969) on the Teton River, at TRl and TR3 (Figure 
14) to measure stream stage. I then correlated stream 
gauging measurements with river stage measurements to 
construct rating curves. Once constructed rating curves may 
then be used to estimate stream flow eliminating the need to 
gauge the stream as long as the river geometry remains 
constant.
The results of the stream gauging measurements are 
presented in Table 2. Positive values in the difference 
column indicate leakage from the stream to the ground water 
system, aquifer recharge, and negative numbers indicate 
ground water flow into the stream, ground water discharge.
As Table 2 indicates the Teton River is a losing stream 
between station TRl and TR2 (see Figure 14) and a gaining 
stream between TR2 and TR3. Between the confluence of the 
North and South Fork Rivers and the Pinedale end moraine, a 
distance of about four river miles (6.4 km.), the Teton 
River can lose up to eighty percent of its flow to the 
ground water system as indicated by the March 12, 1989 
measurement. As river discharge increases the area of the 
river bottom increases and the head increases, increasing 
ground water recharge. This increased ground water recharge 
raises the water table causing increased ground water 
discharge to the river down stream. Appendix E contains
30
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Table 2  : Seepage Run Results.
Date Station Discharge (cfs) Difference
10/2/88 TRl 54.6
tf TR3 50.1 4.5
12/19/88 TRl 55.2
tl TR3 44.9 10.3
3/12/89 TRl 56.7
II TR2 11.2 45.5
II TR3 29.4 -18 . 2
4/1/89 TRl 51.2
II TR2 15.7 35.5
II TR3 37 . 6 -21.9
4/29/89 TRl 176
II TR2 132 44 .0
II TR3 167 -35.0
5/14/89 TRl 382
II TR3 361 21. 0
5/26/89 TRl 259
II TR2 259 0.0
II TR3 310 -51.0
6/10/89 TRl 804
II TR3 653 151
6/23/89 TRl 335
II TR3 374 — 39 . 0
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hydrographs of stream flow for the Teton River and rating 
curves for some of the stations on the Teton River,
Winter (1981) claims that the standard error in stream 
gauging measurements is five percent. Taking this into 
account the measurements taken on October 2, May 14, May 26, 
and June 23 show no change and the maximum loss to the 
ground water measured on March 12 could have been as large 
as eighty-four percent or as small as seventy-eight percent.
Evapotranspiration Estimation
I estimated évapotranspiration from the swamps using the 
Linacre equation describing evaporation from an open water 
surface (Linacre, 1977). This equation was chosen because 
many researchers including Anderson and others (1987), 
Eisenlohr (1966), and Idso (1981) have found that water 
evaporates from swamps at about the same rate as from an 
open water surface. The Linacre equation for evaporation 
from an extensive and uniform wet surface as adapted by 
Potts (1988) is:
(55Q(r-4-0.006A)) (T-Td) 
BO-0.75_____ 80-r
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where T is the mean temperature for the period of interest, 
Td is the dewpoint temperature which may be estimated as the 
daily minimum temperature, h is the elevation above sea 
level, and L is the latitude.
I obtained daily maximum and minimum temperatures from a 
U.S. Forest Service fire weather station on The Nature 
Conservancy property (Gleason Ranch) for the fire season 
(June through September, 1988) and for the entire year 
(June, 1988 through June, 1989) from the Choteau Airport. 
The temperatures from the Choteau Airport were then adjusted 
to the elevation of the swamps using a lapse rate of 3.3° F 
per 1000 ft. (6° C/1000 m.) as suggested by Potts (1988).
Table 3 displays the évapotranspiration rates calculated 
using this method. The estimated évapotranspiration rates 
obtained from the Choteau Airport at an elevation of 3945 ft 
(1192 m) are within .002 ft/day (.06 cm/day) of the rates 
calculated using the data from the fire weather station at 
Gleason Ranch which is at an elevation of 5350 ft (1616 m).
Table 3: Evapotranspiration Estimates.
Evapotranspiration estimates
Month Gleason Ranch Choteau Airport
ft/d cm/d ft/d cm/d
June 0.015 0.46 0. 017 0. 52
July 0.015 0.46 0. 017 0.52
August 0. 015 0.46 0.017 0.52
September 0.012 0.37 0.013 0.40
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Evapotranspiration was then estimated on a monthly basis 
and compared with rates measured by Eisenlohr (1966) on a 
pothole in North Dakota and by Dolan and others (1984) on a 
freshwater swamp in Florida. Table 4 contains the results 
of this comparison. The estimated évapotranspiration rates 
obtained using this method seem to be in agreement with the 
values from the literature. This suggests that the values 
calculated for the Pine Butte Preserve are reasonable 
estimates.
Table 4: Comparison of Estimated Evapotranspiration Rates.
Evapotranspiration rates comparison
Month This
Study
Dolan
(1984)
Eisenlohr
(1966)
ft/d cm/d ft/d cm/d ft/d cm/d
January 0-0028 0-085 0.0036 0-11
February 0.0043 0. 13 0.0043 0.12
March 0.0052 0-16 0.0085 0-26
April 0.0078 0.24 0. 015 0.45
May 0. Oil 0,34 0. 014 0.42 0.0097 0 .30
June 0. 017 0.52 0. 016 0.49 0. 013 0 .40
July 0. 017 0. 52 0. 019 0. 58 0. Oil 0 . 34
August 0. 017 0. 52 0. 016 0.48 0. 010 0.30
September 0. 013 0.39 0. 017 0. 52 0. 010 0.30
October 0.0094 0-28 0. 012 0.36 0.0080 0.24
November 0.0055 0-16 0.0072 0 . 22
December 0.0038 0-12
Water Balance
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V  McDonald
_ SWAMP
Figure 15: Schematic of the flow system.
The data discussed in the preceding sections can be summed 
up in a conceptual model (Figure 15). The head measurements 
from nested wells indicate that an upward gradient exists in 
the vicinity of the swamps confirming that the swamps are a 
ground water discharge area. The stream gauging results 
indicate that the Teton River in the western half of the 
study area is a source of recharge. The primary recharge to
35
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Figure 16: Water balance boundaries, solid line is no-flow, dashed line is discharge point
the aquifer is leakage from the Teton River. This water 
then flows beneath the moraines and discharges through 
évapotranspiration from Durr and Mcdonald swamps, ground 
water underflow, surface water flow from the swamps, and 
flow back into the Teton River. I tested this conceptual 
model of the hydrologie system using a water balance which I 
calculated for the preserve from November 18 to December 20, 
1988. Figure 16 shows the boundaries of the water balance. 
The water balance equation for the preserve is:
P + GW.^ + TR.^ = ET + + TR̂ ,̂ + ± S
where P is precipitation, GW.^ is ground water flow on to 
the preserve, TR.^ is the flow of the Teton River on to the 
preserve, ET is évapotranspiration from the swamps, GŴ ^̂  is 
ground water flow off of the preserve, TR̂ ^̂  ̂ is the flow of 
the Teton River off of the preserve, is the flow of the
smaller streams exiting the preserve, and S is change in 
storage.
Precipitation during the winter months in Montana comes as 
snow which does not contribute to the hydrologie system 
until it melts in the spring, therefore precipitation can be 
ignored in this water balance. The Bruno well, at the mouth 
of the Teton River canyon (Figure 8), was dry. Although 
the Bruno well was drilled to 50 feet and did not encounter 
bedrock, another domestic well, located about half a mile up 
stream, encountered bedrock at 52 feet. This suggests that 
the depth to bedrock is most likely not much more than fifty
37
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
feet, thus any ground water flux on to the preserve would be 
negligible. The ground water fluxes off of the preserve 
were calculated using the Depuit equation (Appendix F). My 
stream gauging efforts contributed the surface water flux. I 
selected the period between November 20 and December 18,
1988 because the water level fluctuations were minor 
suggesting that the storage term should be negligible.
Under these assumptions the resulting water balance equation 
for the preserve is:
TR,„ = ET + G W ^  + TR̂ ut + SW^t ±S 
Table 5 contains the water balance for the preserve. Note 
that the total inflows and outflows are nearly identical.
The nine percent error could come from errors in estimating 
hydraulic conductivity distribution, errors in estimating 
the evaporation, errors in measuring the surface water 
discharge, and/or be the result of minor changes in storage. 
The volume of excess discharge is small with respect to the 
volume of recharge suggesting that the above mention 
possible sources of error are minor and that the conceptual 
model has passed this test. Appendix F contains a more 
detailed description of the water balance.
Although the conceptual model has been supported by the 
water balance, it has not been verified. The conceptual 
model has been checked using one equation and a vast number 
of unknowns remain. The water balance calculation indicates 
that the conceptual model lies within a family of solutions,
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one of which may be the correct one. As an additional check 
of the conceptual model as well as to test aquifer boundary 
assumptions I will model the ground water flow system using 
a numerical model.
Modeling ground water flow requires estimates of aquifer 
properties not only at the conceptual model boundaries but 
over the entire modeled area and boundary conditions. The 
initial aquifer property estimates are adjusted until the 
modeled head distribution matches the head distribution 
observed in nature. The water balance is also used as a 
primary constraint and model inflows and outflows are 
adjusted to match the water balance.
Table 5: November 20 to December 18, 1988 Water Balance,
Nov. 2 0 to Dec,
IN
Teton River 
(0.881 Mcfd)
18, 1988 water balance
OUT
Evaporation 
(0.325 Mcfd)
Ground Water
(0.414 Mcfd)
Surface Water 
(0.231 Mcfd)
TOTAL 0.881
PERCENT DIFFERENCE 9
0.970
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NUMERICAL GROUND WATER MODEL
Error Analysis
I conducted an analysis of errors built into the water 
level measurements to determine how precise a head match to 
expect from the model. Water level measurements were taken 
using a steel tape marked every 0.01 ft. These measurements 
are assumed accurate to within 0.02 ft. Due to budgetary 
constraints the elevation of the wells were surveyed in 
using a surveyors level with none of the runs being looped 
back to the point of origin. The error in these 
measurements is not known, however I estimate the elevations 
to be accurate to within one foot. The wells were located 
horizontally using topographic maps with an error of up to 
2 00 ft due to the difficulty of locating field positions in 
the relatively featureless outwash plains and swamps. The 
water table gradient is 0.01 ft/ft so the errors introduced 
due to well location would be about 2 ft. The ground water 
model calculates heads in the middle of each node, this 
means that in the model the wells are located to within + 
1320 ft. Therefore the error introduced due to the model's 
placement of the wells is about 13.2 0 ft. The errors 
introduced include 0.02 ft for water level measurement 
errors, 1 ft for survey error, 2 ft for horizontal well
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location, 13.20 ft for model nodal location for a total 
error of 16.22 ft. This indicates that the error bars for 
the model are + 16.22 ft. However the average water level 
fluctuation is 5.78 ft and the only well in which water 
level fluctuations are over 16.22 ft is NCW-14 in which the 
fluctuations are 17.77 ft. For this reason the model will 
not be useful for predictive purposes.
Model Boundaries
Boundary conditions must be specified to simulate lateral 
flow at the edges of the modeled aquifer system. Two types 
of hydrologie boundaries were used in this model— specified 
head and no-flow boundaries (Figure 17), At a specified 
head boundary, the heads in the designated specified head 
nodes do not change with time, but the flux or amount of 
water coming into or leaving the node varies in response to 
head changes in adjacent nodes. At a no-flow boundary, the 
flux remains zero, but the head varies in response to head 
changes in adjacent nodes. The boundary conditions for the 
model were selected to simulate actual hydrologie boundaries 
or were placed so that boundary effects would be minimal.
Specified head boundaries were used to simulate flow off 
of the model below McDonald and Durr Swamps. The observed 
heads below these swamps did not change significantly. 
Perhaps this is because excess head is removed in the swamps
41
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CD■DOQ.
CgQ.
■DCD
C/)C/)
8
ci'
3CD
3.3"CD
CD■DOQ.CaO3■DO
CDQ.
■DCD
C/)C/)
eo
Mdo5mco
scale: MILES
"VL.  
TORTft-FdR
CREEK
CONTOUR i n t e r v a l  » Î O ü ‘ 
E LE V A TIO N  IN F E E T
R IV E R  --------
ROAO — «
RIVE R NUDE a
d r a i n  n o d e  o
SWAMP NODE X
C O NS^^NT h e a d  n o d e  in
NO FLOW BOWNOARY —
Figure 17: Map showing the location of the model boundaries and specialized nodes
through évapotranspiration and overland flow.
Because the water balance indicated that flux from the 
adjacent bed rock was negligible, no-flow boundaries were 
used to simulate contact with the aquifer and bed rock. The 
no flow boundary west of Durr Swamp approximates bed rock 
outcrops in this area. The no flow boundary south of 
McDonald Swamp simulates Pine Butte and other bed rock 
outcrops. The no flow boundary north of the river prevents 
flow to the north as suggested by the water balance.
Inactive nodes were assigned wherever the aquifer is absent-
Physical characteristics must be assigned to each active 
node. These include hydraulic conductivity, specific yield, 
and altitude of the base of the aquifer. The specialized 
nodes, river nodes, drain nodes, and évapotranspiration 
nodes (McDonald and Harbaugh, 1988), are assigned additional 
characteristics (see Figure 17 for the locations of the 
specialized nodes and APPENDIX H for example model input 
data).
The RIV 2 package written by Miller (1988) was used to 
simulate the Teton River. In this package each river node 
is assigned a conductance value representing the hydraulic 
conductivity, area, and thickness of the river bed, a river 
stage value, and the maximum allowable leakage. The river 
leakage or recharge to the aquifer is modeled as a function 
of the difference between the head in the aquifer, the river 
stage, and the conductance of the river bottom, but is
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limited by the maximum leakage or the discharge available in 
the river.
The drain package (McDonald and Harbaugh, 1988) was used 
to simulate spring discharge and required assignment of a 
drain conductance value similar to the river bed conductance 
term, and a bottom of the drain elevation. The drain only 
simulates outflow from the node when the water table rises 
above the altitude of the bottom of the drain, or channel 
bottom.
The swamp nodes, simulated using the évapotranspiration 
package (McDonald and Harbaugh, 1988), were assigned a 
maximum évapotranspiration rate, an évapotranspiration 
extinction depth, and the altitude of the land surface. The 
maximum ground water évapotranspiration rate occurs when the 
head in the node is at land surface, and the rate of zero is 
assigned when the head in the node is at or below the 
extinction depth. Intermediate évapotranspiration rates are 
determined by a linear relation (McDonald and Harbaugh,
1988). During transient simulations the évapotranspiration 
rate can be changed for each stress period to account for 
seasonal variations.
Precipitation recharge was simulated using the recharge 
package (McDonald and Harbaugh, 1988). For this model 
recharge was assigned to each node during the spring and 
summer months. During transient simulations the recharge 
rate can be changed for each stress period to account for
44
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seasonal variations.
Calibration
I used the finite difference ground water flow model,
MODFLOW, (McDonald and Harbaugh, 1988) to simulate steady 
state and transient flow. Steady state calibration of a 
ground water model was accomplished using trial and error 
techniques. This process involves a repeated adjustment of 
model parameters representing aquifer characteristics in 
order to obtain an acceptable match between measured and 
computed heads and the water balance. The calibration 
process continues until further changes in the ground water 
model do not significantly improve the match.
Two statistical methods were used to evaluate the quality 
of the head calibration for the steady state simulation: 
mean error and mean absolute error (Buckles and Watts,
1988) . Mean error is the summation of the difference 
between the simulated water level and the measured water 
level divided by the number of measurements. Mean absolute 
error is the summation of the absolute value of the 
difference between simulated water levels and the measured 
water levels divided by the number of measurements.
Model parameters such as hydraulic conductivity and river 
bed conductance were adjusted. Measured or estimated 
hydraulic conductivity values were used when ever possible. 
In areas where no estimates were available values were
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obtained by reviewing the literature (Walton 1988, Freeze 
and Cherry, 1979) and choosing values appropriate for the 
related geologic setting. Figure 18 contains a map of the 
calibrated hydraulic conductivity distribution.
Initial values of inflow and outflow to the ground water 
system were obtained for the steady state period from the 
water balance. Calibration of the ground water model 
involved adjusting the model parameters to match model 
inflows and outflows with the values in the water balance as 
well as to match heads. Table 6 contains a comparison of 
the observed and modeled water balances.
Modeling the ground water recharge and discharge 
associated with the Teton River was accomplished by using 
river stage and gauging data to calculate bed conductance as 
described by McDonald and Harbaugh (1988). After 
calibration the steady state stream bed conductance value
Table 6: Observed and Modeled Water Balances.
Values in Mcf/d
Parameter Calculated Modeled Difference
Recharge
Teton River 0.881 0.947 7%
Estimated Error +10%
Discharge
Evapotranspiration 
Estimated Error
0.331
+10%
0. 309 7%
Surface + Ground water 0. 645 0. 638 1%Estimated Error ±10%
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was 76 ft^/d per running foot of river (2.1 m^/d/m) , the 
river stage was 0.8 ft (0.2 m), and the maximum allowable 
leakage was 45 ft^ per running foot of river (1.3 m^/m) .
Discharge from streams draining the swamps was lumped with 
ground water underflow where ever possible to reduce the 
number of model calculations. Chillis Creek, which drains 
both McDonald and Durr swamps, had to be modeled differently 
because it flows off of the modeled area over bedrock. The 
discharge of this stream was modeled using drain nodes. The 
drain conductance term was adjusted until the correct 
discharge was observed. The calibrated conductance term was 
76 ft^ per running foot of drain (2.1 m^/m) .
Evapotranspiration from the swamps was simulated using the 
évapotranspiration package in the model. The maximum 
evaporation rate calculated for December using the Linacre 
equation was found to be 0.0038 ft/d (0.11 cm/d). Since 
this method produce values comparable to those found in the 
literature no adjustments were made. Since the 
transpiration component of évapotranspiration would be 
negligible during December the extinction depth, or depth of 
zero evaporation, was assumed to be close to land surface 
since depth of rooting would have little affect. I used a 
depth of two feet (.6 m.).
During December precipitation comes in the form of snow 
which will not contribute to the water budget until it melts 
in the spring. As a consequence no precipitation recharge
48
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was accounted for in the steady state model.
Figure 19 presents the measured and simulated 
potentiometric surfaces for December 18, 1988. As this 
figure shows the model simulated potentiometric surface for 
this period compares well with the actual values except in 
the northwestern portion of the area where no data existed 
to use in reconstructing the potentiometric surface. The 
mean absolute error for this model run was 2.0 ft and the 
mean error was 1.5 ft. The steady state model is assumed to 
be calibrated because the in-flows and out-flows match the 
water balance and the model reproduces the potentiometric 
surface.
Sensitivity Analyses
Sensitivity analyses were performed to evaluate the 
sensitivity of the simulation results to variations in model 
parameters. During each sensitivity analysis only one model 
parameter was changed. All other parameters remain the same 
as those in the calibrated model.
Sensitivity analyses of the steady state model included 
the effects of changes in hydraulic conductivity, maximum 
évapotranspiration, and évapotranspiration extinction depth. 
Table 7, which contains the results of the sensitivity 
analysis, shows that the model was not equally sensitive to 
changes in each parameter. Changes in the
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Figure 19 : Map showing modeled and observed potentiometric
surface for December, 1988.
évapotranspiration extinction depth had a minimal effect on 
the model. Increasing the hydraulic conductivity by fifty 
percent increased the mean absolute error from 2.0 to 5.3. 
Decreasing the évapotranspiration rate by fifty percent had 
a similar effect on the model. This suggests that the 
steady state model may be sensitive to large errors in 
hydraulic conductivity distribution and évapotranspiration 
estimation. The hydraulic conductivity distribution, 
although measured in places, is largely model calibrated and
50
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Table 7; Steady State Model Sensitivity Analyses.
Percent Change Mean Error Mean Absolute Error 
No Change
0 1.1 2.0
Hydraulic Conductivity
5 0,70 1.8
-5 1.1 2.0
50 -5.3 5.3
-50 -0.67 2.2
Evapotranspiration Rate
5 0.66 1.8
-5 1.5 2.2
50 -2.8 2.8
-50 5.2 5.2
Evapotranspiration Extinction Depth
5 0.53 2.0
-5 0.52 2.0
50 0.56 2.0
évapotranspiration, although not adjusted, was not actually 
measured in the field. Because it is sensitive to terms 
which were not actually measured, the model could be 
considered suspect.
I will now test the conceptual model using a transient 
ground water flow model to test the conceptual model on a 
full year of data. The knowledge of the geology and 
hydrological boundaries obtained calibrating the steady
51
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State model will be used in the transient model.
Transient Model
An aquifer is in a transient state when inflows and 
outflows are not equal, resulting in a change in the volume 
of water stored in the aquifer. The potentiometric surface 
derived from the calibrated steady state model was used as 
the initial condition for the transient simulations and 
values for aquifer properties used in the calibrated steady 
state model were used in the transient model. Some minor 
adjustments in the modeled hydraulic conductivity 
distribution were made during transient runs to improve the 
match between observed and simulated heads. A specific yield 
of 0.075 (unit-less) typical for this type of sediment 
(Walton 1988) was assigned to each node in the model.
Recharge to the aquifer due to irrigation of the hay 
meadows west of McDonald Swamp (Figure 14) was simulated 
using the well package. Recharge wells were assigned to 
nodes containing irrigated hay meadows. Using the same 
technique applied by Johnson and others (1988) I assumed the 
volume of water recharging the aquifer would be a twenty 
percent of the volume applied to the field.
Because évapotranspiration greatly exceeded precipitation, 
precipitation recharge was not measured in the field.
However the model could not be calibrated without accounting
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for additional recharge above what was observed entering the 
system through leakage from the Teton River between April 
and June, 1989. This recharge could consist of infiltration 
from direct precipitation and snow melt. Perhaps during 
spring run-off, when the accumulated winter snow melts, 
évapotranspiration can be overcome and infiltration into the 
aquifer occurs. For this model, precipitation recharge was 
considered to be about twenty percent of the monthly total 
during the months between April and June. Precipitation 
recharge in this model is a model calibrated value because 
no attempt was made to measure this parameter in the field.
The transient simulations were divided into eighteen 
stress periods which ranged from twenty nine days to twelve 
days in length over a period of one year. During each 
stress period the évapotranspiration, river stage, river 
conductance, and maximum allowable river leakage were 
altered to adjust the flux through the aquifer.
The first three stress periods, January through April, 
simulated flow in the aquifer after the formation of the ice 
jam on the Teton River. The seventh through the tenth 
stress periods. May through June, simulated spring run off, 
the major source of recharge for the system. The remaining 
eight stress periods, July through November, simulated the 
major discharge period.
The modeled river leakage and discharges compare well with 
the measured values and Figures 20 and 21 show that the
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Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
model successfully reproduces the observed hydrographs. 
Therefore the transient model is considered to be 
calibrated. Hydrographs for all of the monitored wells 
containing both modeled and observed water levels are 
presented in Appendix G.
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Figure 20: Hydrograph showing observed and modeled water
level fluctuations in P2A.
Sensitivity Analyses
The sensitivity analysis conducted on the transient model 
included adjusting the river bed conductance on the Teton 
River, the specific yield, évapotranspiration, and 
precipitation recharge. These model parameters were 
increased and decreased by twenty-five percent from the
54
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Figure 21: Hydrograph showing observed and modeled water
level fluctuations in NCW9.
values used to generate the transient model. The results of 
the tests are listed in Table 8. The transient model was 
nearly as equally sensitive to twenty-five percent increases 
in évapotranspiration and twenty-five percent decreases in 
Precipitation. Comparing the sensitivity analyses of 
évapotranspiration and precipitation indicates that these 
two parameters are inversely proportional. Increasing 
évapotranspiration had a similar effect as decreasing 
precipitation; therefore neither model parameter can be 
determined using a model analysis unless one of these 
parameters is accurately known. The model was moderately 
sensitive to adjustments in river bed conductance, and not 
sensitive to adjustments in specific yield.
55
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Table 8: Transient Model Sensitivity Analyses.
Percent Change Average Absolute Percent Change
Error in Absolute Error
No Change
0 2.00 0
Specific Yield
25 2.17 7
-25 2.06 3
Evapotranspiration
25 3.53 43
-25 2.05 2
River bed Conductance
25 2.27 12
-25 2.50 20
Precipitation
25 2.20 9
-25 3.19 37
DISCUSSION AND CONCLUSIONS
This investigation focused on testing a conceptual model 
proposed by Nimick and others (1983). According to their 
conceptual model the glacial drift and outwash aquifer is 
principally recharged by leakage from the Teton River. 
Ground water then flows east and southeastward discharging 
where the aquifer thins and the water table intersects
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topographically lower areas forming Durr and McDonald 
swamps.
During the geological investigation porus material was 
found between the Teton River and the swamps supporting the 
conceptual model. Well hydrographs and potentiometric maps 
constructed as part of the hydrological investigation show 
the aquifer responding to discharge fluctuations in the 
Teton River and ground water flowing from the Teton River 
through the swamps supporting the conceptual model. A water 
balance calculated for the period from November 20 through 
December 18, 1988, showed water entering the aquifer through 
leakage from the Teton River about equal to the quantities 
leaving the aquifer through outflow, surface water 
discharge, and évapotranspiration lending further support to 
the conceptual model. The aquifer boundary assumptions were 
tested and knowledge of the hydraulic conductivity 
distribution were refined using a steady state ground water 
flow model. Successful calibration of this model also 
supported the conceptual model. Knowledge obtained during 
calibration of the steady state model was used to develop a 
transient model to test the conceptual model over a full 
year of data. Even though precipitation recharge was not 
thought to play a significant role in the hydrologie system 
it had to be added to calibrate the model. Successful 
calibration of the transient model suggests that 
precipitation recharge may play a more important role in the
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hydrologie system than previously thought.
Although precipitation recharge may be important my field 
investigation and modeling results suggest that the swamps 
are primarily dependent on natural flows in the Teton River 
while it flows past the preserve. Willem Koerselman (1989) 
suggests that when man alters the delicate balance between 
groundwater, surface water and precipitation inputs to 
swamps the plant communities will also be altered. This 
suggests that The Nature Conservancy should consider taking 
steps to protect the natural Teton River flows along the 
northern border of the preserve.
Because water in the Pine Butte Aquifer is of good quality 
(Nimick and others, 1983) and the aquifer readily yields 
water to wells, irrigation or municipal supply wells may be 
drilled adjacent to the preserve to extract water. Loss of 
water in this manner will also adversely affect the size of 
the swamps. The Nature Conservancy should also consider 
taking steps to protect the swamps from this threat.
Recommendations
The Nature Conservancy should have the well locations and 
elevations professionally surveyed to eliminate errors 
resulting from the reconnaissance level survey conducted in 
this investigation. Fluctuations in Teton River discharge, 
river stage, and the water table should be monitored at the
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Forest Service Bridge and at observation wells located in 
the preserve. Stream gauging measurements should be 
conducted two to three times per year at different river 
stages to refine the rating curve and document stream losses 
to the Pine Butte Aquifer. Should a future attempt be made 
to refine the ground water flow model this historical data 
would be invaluable.
Construction of a predictive ground water flow model will 
require additional data collection and model refinement. A 
finer grid system with cells 3 00 ft by 300 ft should be used 
to reduce nodal location errors to about half of the average 
water level fluctuation (three ft.). This revision is based 
on the observed average water level fluctuation of about 
5.78 ft. It should be noted that this refining of the grid 
spacing will require about a 100 fold increase in the pieces 
of detailed hydrogeologic data needed.
Additional aquifer geometry information should be 
gathered. New seismic lines could be run from the swamps 
through the end moraine to the Teton River and down gradient 
from the swamps to the edge of the preserve. Such 
additional data will reduce uncertainties in aquifer 
geometry and better define physical boundaries.
There currently are no observation wells north and west of 
the end moraine. Observation wells located up gradient from 
the swamps will refine potentiometric maps and hence 
understanding of the aquifer flow system, improve
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understanding of the influence of the Teton River on the 
swamps discharge, and improve understanding of aquifer 
stratigraphy. Additional aquifer tests would better define 
the distribution of hydraulic conductivity and specific 
yield, both are required model inputs.
Estimates of évapotranspiration from the swamps could 
be assessed using the direct measurement technique described 
by Dolan and others (1984). This would provide another 
measurement of a model input.
I believe that the suggested additional data collection 
and model grid refinement would allow the construction of a 
predictive model. Such a model could be used to assess the 
effects of altering stream flows on the size of the swamps.
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! I : t WELL LOG
O— STICK UP-2.2 FT
WELL NAME-NOW I total CEPTH-3J FT INSTIL AT ION DATE- 8-26-82 SCPEEMED interval-6.8-8.1 WELL DIAMETER - I 1/4 INGEOLOGIC OISCRIPTION
0-2.0 SILTY CLAY, DARK BROWN
2.0-2.3 CLAY. DARK BROWN WITHTRACES OF ORANGE 2.3-33 CLAY WITH SOME ROUNDED GRAVEL
DRIVEN BELOW 3.3
8
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o —
WELL LCG
8
STICK UP-2 .4  FT
WELL NJ1ME-NCW2 TOTAL CEPTH-8.4FT INSTILATIOM DATE-8-26-82 SCREENED INTERVAL-71-8.4 WELL DIAMETER - I 1/4 IN GEOLOGIC DISCRIPTION"
0-0.3 
0.3-2.0
DARK BROWN CLAY
CLAY-SILTY CLAY-LIGHT BROWN-MOTTLED
2.0 - 6.2
6.2
CLAY-SANDY-LIGHT BROWN TO BUFF-SOME PEA SIZE GRAVEL
SAND a CLAY-ROUNDED PEBBLES
DRIVEN BELOW 6.2
7 4
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WELL LOG
O— STICK U P -.9 FT
WELL N>1ME-NCW4 total CEPTH-6.7FT INSTILATION DATE-8-26-82 SCREENED INTERVAL-5.4-6.7 WELL DIAMETER - I 1/4 INGEOLOGIC OISCRIPTION 0-0.5 BROWN ORGANIC CLAY
0.5-4.0 COBBLES -1 TO 4 IN INDIAMETER - SUBROUNDED TO SUBANGULAR
DRIVEN BELOW 4.0
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STICK UP-2.8FT
8
V/ELL LOG WELL NAME-NCW5 TOTAL CEPTH-79FT INSTILATION DATE-8-26-82 SCREENED INTER VAL-6.6-79 WELL DIAMETER - 11/4 IN
GEOLOGIC OISCRIPTION
SU8ANGULAR 
DRIVEN BELOW 30
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! i
STICK UP-3.3FT
W ELL LCG
WELL N4.Me-NCW6 total CEPTH-7.4FT INSTILATION DATE-8-27-82 SCREENED INTESVAL-6.1-74 WELL DIAMETER - 11/4 IN GEOLOGIC OISCRIPTION
0-4.0 GRAVEL AND C0B8ELS -WITH SAND AND SILT-BROWN
DRIVEN BELOW 4.0
a
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The data on NCW7 through NCW9 are missing
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0— S T IC K  U P -1 .5  F T
W E LL LCG
WELL NAME-NCWIO TOTAL CEPTH-6.5FT INSTILATION DATE-7-29-00 SCREENED INTERVAL-5.2- 6.5 WELL DIAMETER-I 1/4IN GEOLOGIC OISCRIPTION
0-3.0 SILTY CLAY. DARK BROWN
30 SANDY GRAVEL DRIVEN BELOW 3.0
8
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W ELL LCG
STIC K  U P -1 .7  F T
WELL NA.VIE-NCWJI TOTAL CEPTH-6.3FT INSTILATION DATE-7-29-88 SCREENED INTERVAL-5.0-6.3 WELL DIAMETER - 11/4 IN GEOLOGIC OISCRIPTION
0-3.0 SILTY CLAY. DARK BROWN
3.0 SANDY GRAVEL DRIVEN BELOW 3.0
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8
S T IC K  U P - 2 . 7 5 F T
W ELL LOG
¥'o^iL^c»’g.SrT
r<Sëk»°Efv^I^1.l'l-a25WELL DIAMETER - 11/4 IN 
GEOLOGIC OISCRIPTION 0-40 dark brown SILTY CLAY
DRIVEN BELOW 4.0
10
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W ELL LCG
STIC K  U P - 2 .8  F T
WELL NAME- NCW 13 TOTAL CEPTH- 72 FT INSTILATION DATE-7-29-88 SCREENED INTERVAL-5.9-7 2 WELL DIAMETER-11/4 IN GEOLOGIC OISCRIPTION 
0-4.0 DARK BROWN SILTY CLAY
DRIVEN BELOW 4.0
8
82
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VÆ LL LCG
10
20
3 0
4 0
50
6 0
70
s t i c k  U P - 2  FT
d  
d
' . V E L L  M A M E  -  , \C ' .V 14 
TOTAL C E P T h - a O F T  
INSTILATION CATE- 9 - 2 9 - 8 8  
S C R E E N E D  INTERVAL- 3 0 - 7 0WELL Diameter - 5 ft
GEOLOGIC OISCRIPTION
0*35 GRAVEL-TAN VERRYPORLY SORTED WELL ROUNDED- 20 % C088ELS 607® SAND 20 7® CLAY- WELL ROUNDED- 95 7® LIMESTONE 57® QUARTS
35 -7 5  GRAVEL-TAN TO BROWN -
r°oun& > 9 o I.‘-l1mestone 
107® QUARTS
7 5 - 0 0  SHALE-GRAY
8 0
8 3
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W E LL LCG
0—
10
20
30 —
40
STICK UP-2FT
WELL NAME-NCW 15 TOTAL CEPTH-60FT INSTILATION CATE-9-30-88 SCREENE3INTERVAL-29-42 WELL DIAMETER-.5 FT 
GEOLOGIC OISCRIPTION
0-30 GRAVEL- TAN- PORLYSOURTED 40% C068ELS 40% SAND 20 % CLAY - WELL ROUNDED - 90 % LIMESTONE 10% QUARTS
30- 40
40-60
SAND-DARK BROWN- PORLY SOURTED 40 %
QUARTSSHALE-LITE BROWN- SOFT-GUMMY
50
60
70
80
84
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0*^
8
S T IC K  U P - 1 .7  F T
10
W E LL LOG
WELL DIAMETER — I IN 
GEOLOGIC OISCRIPTION
0-8.4
9.0
85
PEAT
8.4-9.0 CLAEY SAND-GRAY
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STICK UP“4.1 FT
W ELL LOG
WELL NAME-PI8 TOTAL DEPTH-1.5 FT INSTILATION OATE-8-28-82 SCREENED INTERVAL-.5-1.5 WELL DIAMETER-UNGEOLOGIC OISCRIPTION 
O-1.5 PEAT
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8
S T IC K  U P - 2 . 7  F T
W ELL LCG
WELL DIAMETER-11/4 IN 
GEOLOGIC OISCRIPTION
0-2.5 PEAT
DRIVEN BELOW 2.5
10
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W E LL LCG
u
STICK UP-3.6 FT
WELL NAME-P2B TOTAL DEPTH-1.4 FT INSTILATION DATE-8-28*82 SCREENED INTERVAL-0.4 -1.4 WELL DIAMETER - I IN GEOLOGIC OISCRIPTION 
0-1.4 PEAT
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o —
8
STIC K  U P - 2 . 6  F T
W ELL LCG
GEOLOGIC OISCRIPTION 
0-1.3 BLACK CLAY
COBBLEŜAT 'tOp'̂OF CLAY 
DRIVEN BELOW 2.2
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W E LL LCG
0- STICK UP-3 .7  FT
W ELL NAME-P3B 
TOTAL D E P T H -2 .4  FT 
INSTIL AT (ON DATE-8 -2 9 -8 2  
SCREENED INTERVAL-1.4 -2 .4  
W E LL DIAMETER - 1 IN
GEOLOGIC OISCRIPTION 
0 -1 .3  CLAY-BLACK
I.3 -2 .4  CLAY-GRAY- I TO 4 IN
CGBBELS AT TOP OF CLAY
9 0
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APPENDIX C
Well Hydrographs
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WATER LEVEL MEASUREMENT DATA
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DATE NCW1 NCW2 NCW4 NCW5 NCU6 NCU7 NCU9
01/14/89 4598.23 4613.18 4591.21
02/11/89 4558.53 4598.56 4590.20 4560.21
03/10/89 4558.11 4597.96 4613.28 4591.03 4562.41
04/01/89 4557.61 4599.17 4613.55 4600.99 4594.17 4562.86
04/29/89 4557.25 4599.74 4612.24 4599.77 4593.41 4560.43
05/13/89 4561.30 4599.73 4618.22 4602.50 4593.37 4562.30
05/25/89 4557.86 4599.76 4615.69 4631.51 4602.85 4591.48 4562.46
06/10/89 4562.36 4599.27 4616.59 4631.81 4604.08 4593.19 4564.13
06/23/89 4558.52 4603.15 4615.94 4631.13 4604.66 4593.44 4564.46
07/06/88 4560.71 4603.16 4620.19 4604.55 4595.03 4565.00
07/30/88 4561.02 4602.76 4617.86 4602.15 4594.09 4564.54
08/12/88 4560.71 4603.06 4619.44 4601.05 4593.88 4564.54
09/13/88 4560.39 4602.44 4618.59 4593.76
10/02/88 4556.69 4602.28 4617.97 4592.74
10/29/88 4556.64 4599.09 4614.68 4590.11 4560.89
11/19/88 4556.56 4599.40 4615.22 4592.56 4561.26
12/18/88 4556.49 4599.80 4614.27 4591.01 4561.10
DATE NCW10 NCW11 NCU12 NCW13 NCW14 NCW15 P1A
01/14/89 4428.08 4499.60 4609.79 4612.88
02/11/89 4429.90 4499.49 4612.91 4615.51
03/10/89 4457.15 4429.11 4501.44 4616.43 4615.04 4593.10
04/01/89 4457.36 4429.17 4501.24 4504.58 4620.81 4616.59 4591.01
04/29/89 4457.00 4430.89 4501.18 4502.80 4624.42 4620.64 4590.94
05/13/89 4459.20 4431.32 4501.11 4501.29 4626.84 4621.49 4593.16
05/25/89 4457.24 4429.65 4501.16 4503.47 4625.06 4622.77 4591.18
06/10/89 4459.08 4429.30 4501.15 4504.90 4623.69 4623.18 4591.01
06/23/89 4457.20 4432.01 4501.19 4503.35 4623.76 4624.42 4593.14
07/06/88 4593.51
07/30/88 4459.50 4430.30 4497.15 4504.00 4593.02
08/12/88 4459.41 4430.10 4498.95 4503.67 4592.99
09/13/88 4460.34 4430.73 4501.50 4503.86 4593.37
10/02/88 4460.27 4431.49 4502.14 4504.05 4615.00 4620.13 4593.35
10/29/88 4457.85 4430.45 4499.73 4498.98 4609.07 4615.86 4589.27
11/19/88 4457.51 4429.98 4499.52 4498.87 4610.34 4617.67 4589.28
12/18/88 4457.47 4429.50 4499.46 4500.77 4610.95 4616.56 4589.32
DATE P1B P2A P2B P3A P3B OLSON
01/14/89 4624.22 4590.20
02/11/89 4624.51 4589.27 4569.53
03/10/89 4593.22 4624.45 4588.35 4569.20
04/01/89 4593.17 4628.32 4631.00 4590.98 4571.88
04/29/89 4593.12 4628.49 4629.73 4595.53 4596.23 4571.18
05/13/89 4593.33 4627.97 4629.49 4595.10 4595.89 4572.95
05/25/89 4593.37 4627.74 4631.50 4595.24 4596.01 4572.96
06/10/89 4593.21 4629.30 4631.12 4594.80 4595.49 4572.40
06/23/89 4593.21 4629.06 4631.18 4595.05 4595.78 4572.69
07/06/88 4593.18 4632.82 4632.63 4596.61 4596.45
07/30/88 4592.80 4632.14 4632.00 4595.43 4573.56
08/12/88 4592.76 4631.68 4631.55 4595.01 4573.49
09/13/88 4593.28 4630.29 4595.08 4572.44
10/02/88 4593.28 4629.59 4594.07 4571.74
10/29/88 4592.29 4627.83 4591.32 4570.76
11/19/88 4592.44 4626.74 4591.91 4569.10
12/18/88 4591.82 4623.94 4590.71 4566.94
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APPENDIX D
HYDRAULIC CONDUCTIVITY DATA
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NCW14
first test second test
(sec) head (ft) time (sec) head (ft)
0. 1.4 0. 1.4
0.3 1.6 0.3 1.75
0.6 1.75 0.6 2 . 17
0.9 2 . 0 0.9 2 . 4
1. 2 2 .15 1.2 2 , 5
1.5 2.5 1.5 2 . 6
1.8 2.75 1.8 2 .85
2 .1 2 .95
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NCW15
first test second test
(sec) head (ft) time (sec) head (ft)
0 1.5 0 1.5
1.2 1.8 1.2 1.7
2.4 2 . 0 2.4 2.0
3 . 6 2 . 2 3 . 6 2 . 2
4 . 8 2 . 4 4.8 2.42
6 2.5 6 2 . 5
7.2 2 . 6 7.2 2 . 6
8 . 4 2.7 8.4 2.7
9 . 6 2 .75 9 . 6 2.75
10 . 8 2 . 8 10. 8 2.8
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AQUIFER TEST DATA
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OLSON
ne (min) head (ft)
0 6.26
1 6.27
2 6.27
3 6.27
4 6.27
5 6.27
6 6 . 27
8 6.27
9 6.27
10 6.27
20 6.27
30 6.28
40 6.28
50 6.28
60 6.28
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stream Hydrographs and Rating Curves
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The ground water flow out of Durr Swamp was calculated 
using the Dupuit equation (Fetter, 1980), The Dupuit 
equation is:
g w . -.1 ar ft -2 L
where qw is the discharge through a unit width of an 
unconfined aquifer, K is the hydraulic conductivity, ĥ  and 
hg are the saturated thickness of the aquifer in the up 
gradient and down gradient directions respectively, and L is 
the length between ĥ  and hg.
Since no hydraulic conductivity measurements were made in 
Durr Swamp the hydraulic conductivity was estimated at forty 
feet per day (12 m/d) using a published table of values 
(Walton, 1988). The geophysical data and the potentiometric 
map (Figure 12) provided estimates for saturated thicknesses 
of the aquifer. The up gradient thickness was forty feet 
(12 m) and the down gradient thickness was thirty feet (9 
m) . The length between ĥ  and hg was measured an found to 
be 1500 feet (4920 m). The width of the aquifer was 5000 
feet (1524 m) . With these data the under flow from out Durr 
Swamp is 46,700 cubic feet per day (1320 m^/d).
By comparing the potentiometric surface map with a 
topographic map it was possible to estimate the area of Durr 
Swamp which remained wet during December and on site 
inspections indicated that the swamp was not frozen. The
116
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wetted and unfrozen swamp area was then multiplied by the 
December évapotranspiration rate. The wetted and unfrozen 
swamp area was 33,000,000 square feet (3,080,000 m̂ ) , the 
évapotranspiration rate for December was 0.0038 feet (1.2 
cm) , and the resulting discharge through évapotranspiration 
was 126,000 cubic feet per day (3571 m^/d).
The surface water discharge values were obtained from 
direct field measurements. The surface water discharge out 
Durr Swamp for was 202,000 cubic feet per day (5724 m^/d).
The portion of the Teton River which contributes recharge 
to Durr Swamp was estimated by tracing flow lines from the 
river to the swamp on the potentiometric surface map in 
Figure 12.
This exercise suggests that the western 6000 feet (1829 m) 
of the river contributes recharge to the swamp. Results from 
seepage runs indicate that the river was leaking sixty-one 
cubic feet per day per foot of river reach (5-7 m^/m). The 
total recharge to Durr Swamp from the Teton River was then 
3 66,000 feet per day. Table 9 contains the water balance 
for Durr Swamp.
To compute the ground water flow out of McDonald Swamp it 
was necessary to again use the Dupuit equation.
Again no hydraulic conductivity measurements were made 
below Mcdonald Swamp so the hydraulic conductivity was 
estimated at one-hundred feet per day (12 m/d) using a 
published table of values (Walton, 1988). The geophysical
117
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Table 9: Nov. 20 to Dec. 18, 1988 water balance for Durr
Swamp.
Nov. 20 to Dec. 18, 1988 Water Balance for Durr Swamp
IN OUT
Ground Water 
(0.0467 Mcfd)
Teton River Surface Water
(0.366 Mcfd) (0.202 Mcfd)
Evaporation 
(0.126 Mcfd)
TOTAL 0.366 0.375
data and the potentiometric map (Figure 12) provided 
estimates for saturated thicknesses of the aquifer. The up 
gradient thickness was sixty—two feet (12 m) and the down 
gradient thickness was fifty feet (9 m). The length between 
ĥ  and hg was measured an found to be 1500 feet (4920 m) .
The width of the aquifer was 10,000 feet (1524 m), extending 
1000 ft (302.1 m) beyond the Teton River to account for some 
underflow. With these data the under flow out of Mcdonald 
Swamp was 367,000 cubic feet per day (10400 m^/d).
By comparing the potentiometric surface map with a 
topographic map it was possible to estimate the area of 
McDonald Swamp which remained wet during December and on 
site inspections reveled that the swamp was not frozen. The 
wetted and unfrozen swamp area was then multiplied by the 
December évapotranspiration rate. The wetted swamp area was
118
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52.200.000 square feet {4,850,000 m̂ ) , the 
évapotranspiration rate for December was 0.0038 feet (1.2 
cm) , and the resulting discharge through évapotranspiration 
was 199,000 cubic feet per day (5540 m^/d).
The surface water discharge values were obtained from 
direct field measurements « The surface water discharge out 
McDonald Swamp for was 2,8800 cubic feet per day (816 m^/d) .
Surface water gauging results indicate that the net loss 
from the Teton River to the preserve during December was
881.000 cubic feet per day. Since Durr Swamp received
366.000 cubic feet per day McDonald Swamp received the 
difference, or 515,000 cubic feet per day.
Table 10 contains the water balance for McDonald Swamp. 
Table 10: November 20 to December 18, 1988 water balance
for McDonald Swamp.
Nov. 2 0 to Dec. 18, 1988 Water Balance for McDonaldSwamp
IN OUT
Ground Water
(0.3 67 Mcfd)
McDonald Swamp Surface Water
(0.515 Mcfd) (0.0288 Mcfd)
Evaporation
(0.199 Mcfd)
TOTAL 0.515 0. 595
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APPENDIX G
Hydrographs with Observed and Modeled Water Level 
Fluctuations
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in! n ! nIh- N hZ ẑK- h- h- r^ N. N.
Q) 
tr> nj
■S
ÇU
:s o
pLi ir»Lr»tr\i/>mir»ü*>tr>rNjfMOOOou^tnmi/>mir»mmvntrkVMntniA • • • • * • • •oo-'j’rJfMrsiT- • • • « * " ' ' 'rjj* ̂ fs» fv« fs«. #—  r ~  hs, |Si» ÿs- fs» h»" N- r*̂  f***-0) n -------------
-1- )  fSw. 1 ^  f s .  f s ,  fs» fs» fs» %— f s .  fN . f w  fs» fs .  fs *  h— hw f«w fs .  N .
0)CJ ^inininir»intnu->inooooooi/>minmminir>uimir»iniAmtn
u ^o ^u-itnmmininioinooooooommininininintnininminm
! °  o  o  ̂rvj <Nj Kl m
UN UN UN in UN UN UN UN o O O o o o o UN UN UN UNO O o o o o oẑ fsZ h*. fN.hZN r*» (N.
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Unit 7 — Drain Package:
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Unit 10 —  General Head Boundary Package:
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Unit 12 —  Strongly Implicit Package:
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Unit 13 —  Riv 2 Package:
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Unit 14 - Output Control Package :
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